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EQUILIBRIUM OF THE KINK SOURCE EXPERIMENT"

George Marklin
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

The kink source experimentl*2'3 (KSX) was conceived of as a method of
injecting helicity into a spheromak making special use of the m=1 helical Taylor
state. It has a Z pinch as a helicity generating source. connected to a flux
conserver through an entrance region (see Fig. 1). Since the entrance region is
a long (length > diameter) cylinder, the magnetic field should bs close to the
helical Taylor state, which is the minimum energy configuraticn of a magnetized
plasma in an infinite cylinder with no net flux. This paper w1l be concerned
with modeling the actual fieids in the entrance region of the KSX using
zero-beta ideal MHD equilibrium theory.

Figure 1 is a diagram of the KX showing the 1location of the main
dragnostic; the surface magnetic probe array i1n the midplane of the entrance
region. These probes measure By and B, at the wall at 7 different._ angles,
giwving 14 data points to which the theoret1cal models will be fit.

To simmplify the equilibrium computations, the entrance region will be
modeled as an infinite cylinder with helical symmetry and all physical
quantities will be assumed to dapoend only on the radius and the helica: angle

‘¢ = v-kz. Neglecting the pressure. the magnevic field satisfies the force-free
equation

l=A¥)B . (1)

where A(y) is an arbitrary function of the helical flux ¥ = A, « krA,, a gauge
invariant function of thc vector potential A. The A profile will be modeled as
a lineer function of the normalized flux x = (v-¥yi0)/ (¥pax=Yumin):

Av) = X [1 +a(2x-1)] , (2)

with an adjustable parameter a to control the slope. The range of a goes from
0. (the Taylor state) to 1, where the current is poakod at tho poasitive magnetic
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axis x=1, and goes to zero at the negative magnetic axis x=0, giving a net
current flowing through the entrance region. The parameter X, the average of
Alvy) over v, is an eigenvalue which is inversely proportinnal to the radius of
the entrance region and weakly dependent orn k and a.

Equation 1 is solved numerically by introducing a vector potential in the
Coulomb gauge and integrating the time dependent equation

- V2 A = (MX) VXA, (3)

to find the fastest exponentially growing mode. The eigenvalue X is then the
irverse of the growth rate. The time advance is fully implicit with the time
step chosen to give the fastest convergence (typically at ~ 3). The boundary
conditions are Ay = A, = 0 and 3/ar (rA.) = 0 at the wall, and the appropriate
symmetry conditions at r=0. The surface magnetic finlds are thus computed as

functions of k and a. These solutions are fit to the data by minimizing a mean
square arror function;

E(Bg.9g.k,a) = élleo BS(9;-9,)-BN(8,)]2 + [BBS(9-9,)-B5(s1)]2 , (4)

with respect to the amplitude B,, the phase 9,, and k and a. Here B¢ and 8™ are
the computed and measured fields raspectively.

Figure 2 shows the best fits obtained at tiree different times during a
typical KSX shot. The magnetic fields at the surface are plotted on the left as
a function of 9, along with the experimental data points. The contours of the
helical flux, which are the magnetic surfaces, are plotted on the right. These
contour plots are in the midplane of the ontrance region looking 1in from the
flux conserver. The electrode 1{s behind and to the left. Figure 2a is at
t = 100 us vith kel, a = 0.5 and 9, = -22%. Thore is a net current flowing
through the entrance ragion with only 33% of the aelectrode currant returning
through the plasma. (The rest returns through the wall.) Figure 2b is at
t « 160 us with k = 1.6, aa = 0.46 and v, = +4%,. Tho roturn current here is 42%.
Figure 2¢ is at t = 200 ws with k » 1.6, a u 0.3 and 9, » ~14%, and the roturn
currant here 1s 67%.
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There seems to he evidence of a general trend that as the electrode currant
decays away a decreases, which means that the positive and negative currents in
the entrance region are more nearly baianced; and k seems to increase, possibly
indicating that the plasma is being axially compressed back toward the source.
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Fig. 1. Olagram of the kink source expeciment.






